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ABSTRACT 

of the maximum to the minimum max’Trnin The ratio r = T 

exospheric tempera ture  considered on a global scale  was derived 

by means  of s ta t ic  models using the densities obtained f rom the 

atmospheric  drag  of th ree  low- inclination satell i tes.  It is  found 

that r var ies  with the so la r  cycle, lagging m o r e  than a year  be- 

hind the variations of the 10.  7-cm so lar  flux; 

the variations of r a r e  in phase with which is obtained by 

averaging the planetary geomagnetic index K 

year .  The obvious conclusion is that in the mechanism of the 

diurnal temperature  variation in the thermosphere,  the so l a r  

wind is a t  l eas t  as important as, i f  not m o r e  important than, 

so l a r  EUV. 

minimum nighttime temperature  when compared with the var ia-  

tions of the 10. 7 -cm so lar  flux. 

on the other hand, 

P’ 
over the whole 

P 

No  appreciable lag is found in the variation of the 

iii 



A l ' a i d e  d e  m o d k l e s  s t a t i q u e s  e r r p l o y a n t  l e s  d e n s i t g s  

o b t e n u e s  > p a r t i r  d u  r a l e n t i s s e m e n t ,  d ;  'a l ' a t m o s p h g r e ,  d e  

t r o i s  s a t e l l i t e s  f a i b l e  i n c l i n a i s o n ,  o n  d g d u i t  le r a p p o r t  

r = T  / T  d u  m a x i m u m  e t  d u  m i n i m u m  d e  l a  t e m p & r a t u r e  

e x o s p h g r i q u e ,  c o n s i d e r e e  s u r  u n e  e ' c h e l l e  g l o b a l e .  On a t r o u v ;  

q u e  r v a r i e  a v e c  le c y c l e  s o l a i r e ,  g t a n t  e n  r e t a r d  d e  p l u s  d ' u n e  

a n n e ' e  s u r  l e s  v a r i a t i o n s  d u  f l u x  s o l a i r e  10,7 c m ;  d ' u n  a u t r e  

co^t& les v a r i a t i o n s  d e  r s o n t  e n  p h a s e  a v e c  K , q u i  e s t  o b t e n u  

e n  p r e n a n t  l a  m o y e n n e  d e  l ' i n d i c e  g L o m a g n g t i q u e  p l a n g t a i r e  K 

s u r  t o u t e  l ' a n n g e .  L a  c o n c l u s i o n  g v i d e n t e  e s t  q u e  le v e n t  

s o l a i r e  e s t  a u  m o i n s  a u s s i  i m p o r t a n t ,  s i n o n  p l u s  i m p o r t a n t ,  q u e  

1 ' U V E  s o l a i r e  d a n s  le m L c h a n i s m e  d e  l a  v a r i a t i o n  d e  l a  t e m p 6 r a -  

t u r e  d i u r n e  d a n s  l a  t h e r m o s p h g r e .  N o u s  n ' a v o n s  p a s  t r o u v e '  d e  

r e t a r d  a p p r g c i a b l e  d a n s  l a  v a r i a t i o n  d e  l a  t e m p 6 r a t u r e  n o c t u r n e  

m i n i m u m  q u a n d  o n  l a  c o m p a r e  a v e c  l e s  v a r i a t i o n s  d u  f l u x  s o l a i r e  

A 10,7 c m .  

m a x  m i n  
/ ,  

- 
P 

P 
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SOLAR-WIND DEPENDENCE OF THE DIURNAL TEMPERATURE 

VARIATION IN THE THERMOSPHERE 

Luigi G. Jacchia 

It was pointed out long ago (Jacchia, 1961) that the range of the diurnal 

density variations in the upper atmosphere derived f r o m  satell i te drag can 

be approximated by assuming that the rat io  r = T max’Tmin of the maximum 

to the minimum exospheric temperature  considered on a global sca le  is a 

constant; with use of Nicolet’s (1961) s ta t ic  models, a value of 1. 3 5  was 

derived fo r  this constant. The constancy of r is ,  of course,  only an 

empir ical  approximation that cannot be expected to hold rigorously. 

ma t t e r  of fact, it was l a t e r  found (Jacchia  and Slowey, 1968) that in the t ime 

interval f rom 1958 to 1966, 

t o  be only loosely related to  the so l a r  cycle. 

general  tendency for  r to be sma l l e r  at sunspot minimum than at sunspot 

maximum, no justification on the basis of solar  activity could be found for  

a remarkable  drop in the value of r that occurred in 1963, when so lar  

activity was practically at its minimum. 

A s  a 

r underwent appreciable variations that appeared 

Although there  seemed to be a 

Recent observations show that r recovered in 1967. A plot of a l l  the 

values of r derived f rom three  low-inclination satell i tes i s  shown in Figure 1. 

The tempera tures  used in computing r were  derived with the aid of new 

This work was supported in par t  by grant  NGR 09-015-002 f r o m  the National 
Aeronautics and Space Administration. 
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Figure  1.  Individual values of the ratio T / T  in the diurnal max min 
temperature  variation (lower section) compared with the 

smoothed 10'. 7-cm so lar  flux F 
with the curve of r computed f r o m z  

(upper section) and 

by equation (1). 
P 

10. 7 
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atmospheric  models prepared by the author for the forthcoming revision of 

the COSPAR International Reference Atmosphere (actually, it makes very 

little difference whether one o r  another s e t  of models i s  used). The temper-  

a tures  were  corrected to account for  the day-to-day so la r  activity effect and 

the semiannual variation and were  reduced to quiet geomagnetic conditions 

the 10 .7-cm so lar  flux smoothed over approxi- 

A com- 

10.7 '  = 0 ) .  A curve of F 
(KP 
mately three  solar  rotations is shown in the upper half of Figure 1.  

par ison of this curve with the observed values of r shows that the var ia t ion of 

the la t te r  lags  behind the solar-f lux curve by m o r e  than a year  (about 2 y e a r s  

during the declining phase of the solar  cycle and about a year  during the 

r is ing phase).  

As i s  well  known, the 10. 7-cm so la r  flux i s  in phase with the variation 

of the sunspot numbers and sunspot a r e a s  (Ward  and Shapiro, 1962) and is  

generally believed to be a good second-hand index of the integrated EUV 

emission f r o m  the so l a r  disk. There  is an excellent correlat ion between the 

nighttime minimum of the exospheric tempera ture  and the 10.  7-cm so la r  f l u x ,  

which has generally been interpreted as indicating that so l a r  EUV i s  mainly 

responsible for  the heating of the thermosphere.  If the diurnal tempera ture  

variation were  caused only by the change of illumination by the so l a r  EUV 

source owing to the e a r t h ' s  rotation, the variation of the ratio r should be 

in phase with the variation of so la r  EUV and therefore  with the 10. 7-cm 

so lar  f l u x ;  a l a g  of 1 yea r  o r  m o r e  would be impossible to justify on the 

basis  of this hypothesis. 

activity does exist, as is well  known, in the variation of geomagnetic activity, 

owing to the change in heliographic latitude of active a r e a s  in the course of 

However, a lag of 1 year  o r  m o r e  behind so la r  

3 



the so la r  cycle. A plot of the ratio r against 365-day running means 

of the planetary geomagnetic index K 
P 

ra ther  sat isfactory relation (Figure 2). The correlat ion coefficient between r and 

K is 0. 73, a s  compared with 0. 59 in the correlat ion between r and 

P 
computed a t  100-day intervals shows a 

- 
10.7' P 

I .4 

I .3 II 

L 

I .2 

n 
U 

X 

X 

@ 1958 a 
x 1959 a I 
0 1960 I 

I .5 2 .o 2.5 3 .O 

Figure  2 .  Values of Tmax/Tmin plotted against 'L1 The regress ion  
P' 

line is f r o m  equation (1) .  

The reason  for  taking 365-day running means of K is  that  by doing s o  
P 

around the equinoxes. we eliminate the semiannual increase in K 

squares  we obtain the following l inear  correlation: 

By leas t  
P 
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r = 1.134 t 0 .090  X 
P 

rt0.031 f 0 . 0 1 4  (S. D. ) . 

The curve of r computed by equation (1) i s  shown in the lower half of Figure 1. 

A l ag  of about 1 year  behind the F 

fair agreement  with the observed variation of r. 

curve is quite evident, a s  well  a s  a 
10.7 

The obvious conclusion that, however reluctantly, mus t  be drawn f r o m  

the relation between r and E 
ature  variation of the thermosphere and exosphere,  the so l a r  wind is  at leas t  

as important as, if not m o r e  important than, so la r  EUV.  This hypothesis 

is  not ent i re ly  new: it was already invoked by H a r r i s  and P r i e s t e r  (1 9 6 2 )  

to  explain the discrepancy between the actual diurnal variation and the 

theoretical  variation they obtained using so lar  EUV a s  the sole best  source.  

In view of the uncertainties and oversimplifications in the theory, however, 

the i r  introduction of an ad hoc second source out of phase with the EUV source 

i s  generally regarded as not physically meaningful. 

is that in the mechanism of the diurnal temper-  
P 

It is interesting to note that no lag is evident in the relation between the 

minimum night tempera ture  T 

shows values of T (reduced to  quiet geomagnetic conditions, K = 0, just  

as were  the maximum tempera tures  T 

derived f r o m  the drag  of the Explorer  1 satell i te.  

selected,  to ensure  g rea t e r  uniformity in the data. 

the declining phase of so l a r  activity, before the 1964 minimum; data f rom the 

rising phase a f te r  mid-1964 a r e  marked  as open c i rc les .  

and the 10.7-cm so lar  f lux.  Figure 3 min  

m in P 
used fo r  the computation of r )  

Only one satell i te was 

max 

Dots' indicate data f rom 

As can be seen, the 
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Figure 3. Minimum nighttime tempera tures  T 

Satell i te 1958 a (Explorer 1) during declining so lar  activity 
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derived f rom the drag  of m in 

6 



data f rom the declining phase and those f r o m  the rising phase ag ree  without 

any appreciable systematic  difference. 

the daytime temperatures ,  there  must  a l so  be some lag in the nighttime 

tempera tures ;  it appears  , however, that  the lag in the nighttime tempera tures  

i s  much smal le r ,  to the point where it cannot be detected. 

Clearly,  if there  is a phase lag in 

The dependence of r on i? ra ther  than o n F I O .  poses the problem of 
P 

a pract ical  nature in the analysis and prediction of atmospheric densit ies by 

means of models, because 

a year.  

to compute r by use of F 

can  be obtained only with a delay of near ly  
P 

F o r  the reduction of cu r ren t  a tmospheric  data, it may be preferable  

with a suitable lag. We find that the formula 
10 .7  

( 2 )  
d r = 0.81 t 0 . 2 5  log Flo. (t - 400 ) 

- 
a t  the t ime t minus d - 

(t - 400 ) stands fo r  FlO. F 1 O .  7 i s  quite sat isfactory;  

4 0 0  days. 
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